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Verification of Y2H Interactions by Coimmunoprecipitation and Pull-Down Assays 
To evaluate the quality of the Y2H data, a representative sample of Y2H interactions was randomly selected for 
verification assays, because interactions recapitulated independently are unlikely to be experimental false positives 
(Goehler et al., 2004¸ Tewari, 2004 #137). To verify Y2H interactions, we used in vitro pull down assays (Goehler et 
al., 2004) and a novel membrane coimmunprecipitation assay. 
 
For the membrane filter coimmunoprecipitation assay, pairs of proteins were transiently expressed as hemagglutinin 
(HA)- and protein A (PA)-tagged fusions in COS-1 cells. Cleared cell lysates were filtered through a membrane 
coated with human IgG to retain the protein A fusion protein (Rigaut et al., 1999). After washing, the HA-tagged 
protein, bound to the PA-tagged partner, was detected on the membrane using anti-HA antibody. 
 
Representative examples together with control experiments are shown in Figure S1. Positive examples are given in 
the left column together with protein expression levels determined by western blot using anti-PA and anti-HA 
antibodies, respectively. Control immunoprecipitation experiments testing the PA-tagged proteins and HA-tagged 
partners in combination with irrelevant binding partners are presented in the middle and right columns, respectively. 
Identities of the PA- and HA-tagged proteins are as indicated. 
 
In total, we have examined 247 unique interactions found in the Y2H screens. In the coimmunoprecipitation assay 
62% (72 of 116) and in the in vitro pulldown assay 66% (87 of 131) of the interaction pairs were tested with positive 
outcome. We note that all positive and all negative pairs, i.e. Y2H interactions that could not be confirmed in the 
assays, are reported in Table S3. Moreover, we have also performed negative control experiments using irrelevant 
binding partners to prove that our assays were carried out under highly stringent conditions. These results 
demonstrate that our Y2H data contain a large fraction of interactions (65%) that can be confirmed by other methods.  
Global View of the Y2H Interaction Map 
In the Y2H interaction matrix screening, a total of 3,186 unique interactions between 1,705 different human proteins 
was identified. The complete network (Figure S2) was drawn using the Pajek program package (A Program for 
Large Network Analysis by V. Batagelj and A. Mrvar at http://vlado.fmf.uni-lj.si/pub/networks/pajek/). The picture 
shows a giant connected network with 1,613 nodes and 3,131 links and 43 small networks with less than 6 nodes. We 
grouped the proteins in three broad categories using GO and OMIM criteria: disease proteins, according to OMIM 
morbidmap, NCBI (195); uncharacterized proteins without GO and disease annotation (343) and known proteins 
with GO annotation (1167). Furthermore, we developed a scoring system to define interactions of high (HC), 
medium (MC) and low confidence (LC). Proteins and interactions are color coded accordingly in the global network 
representation in (Figure S2). 
 Comparative Analyses of Network Topology 
In computational analyses of network topology, all protein interactions of a network are regarded as one connected 
entirety (c.f. Figure S1). As entirety, these networks at best represent a set of interactions that can possible occur in 
cells. This view does not account e.g. for spatial and temporal aspects, and obviously does not reflect the actual 
situation in a cell. However, the current view is that the organization principles uncovered by the analysis of these 
networks might hold true for cellular interaction networks that actually exist under defined conditions in vivo 
(Barabasi and Oltvai, 2004; Xia et al., 2004). 
 
Here we analyzed basic network properties, such as the degree distribution of the network proteins, the degree 
distribution of the average clustering or topological coefficients and the neighborhood connectivity and compared 
them to other large scale data sets from human and model organisms. The following protein interaction sets were 
used for these analyses: Y2H PPIs: human PPI network from this study (3,186 PPIs; 1,705 proteins); Hs: human 
reference set from the HPRD (Peri et al., 2003; 14,384 PPIs between 4,478 proteins, status 17-09-04); Dm: D. 
melanogaster Y2H data set of Giot et. al (Giot et al., 2003; 20,439 PPIs; 6,991 proteins); Ce: C. elegans WI5 data set 
(Li et al., 2004; 5,534 PPIs; 3,227 proteins); Sc: S. cerevisiae PPIs from MIPS (Mewes et al., 2004; MIPS at 
http://mips.gsf.de/; 8,946 PPIs; 4,525 proteins). 
 
Degree Distribution 
Many cellular interaction networks from bacteria to fly have been shown to be scale free (Albert et al., 2000; Jeong 
et al., 2000), i.e. the probability that a protein has k links follows a power-law [P(k) ~ k
-γ] with a degree exponent γ in 
the range between 2 and 3. Such a distribution indicates that in the network most proteins participate in only a few 
interactions, while a few proteins participate in many (hubs). The hubs have a crucial role for the cell as they 
function as control centers connecting many processes (Han et al., 2004; Jeong et al., 2001). 
 
We have analyzed the degree distribution of the Y2H network in comparison with the other four data sets. The 
number of proteins with a given link (k) was plotted against the number of links and the degree exponents were 
determined (Figures S3A-S3E). For all data sets the degree distribution of the proteins follows a power-law with 
similar degree coefficients (Y2H PPIs: γ = 1.78, R-square = 0.90; Hs: γ = 1.91, R-square = 0.92; Dm: γ = 2.0, R-
square = 0.92; Ce: γ = 1.74, R-square = 0.89; Sc: γ = 1.72, R-square = 0.88). This indicates that all sets have scale 
free properties with a similar fraction of highly connected proteins. 
 
It would be important to know whether complete interactome maps would show a similarly disproportionate fraction 
of highly connected proteins, and whether the hubs in the current maps are indeed proteins that interact with very 
many partner proteins in the cell, in contrast to the majority of proteins. Several proteins that have many links in our 
Y2H map do so in the HPRD PPI collection. p53 is such an example of a cellular hub (Vogelstein et al., 2000). More 
than 150 interaction partners have been reported so far, and also in our network p53 is one of the highly connected 
proteins (43 PPIs). 
 
However, recent computational studies have demonstrated that the scale free topology can not be extrapolated with 
certainty to complete interactome maps (Han et al., 2005; Stumpf et al., 2005). Furthermore, models that are not 
scale free, e.g. geometric models, might approximate the network structures similarly well (Przulj et al., 2004). 
 
Clustering Coefficient 
The clustering coefficient provides a measure for the interconnectivity in the neighborhood of a protein. It can be 
calculated for every protein that has more than one interaction partner: CCp = 2n/kp(kp–1), with n as the number of 
links connecting the kp neighbors of node p to each other. Often in interaction networks, functionally related proteins 
have a tendency to form three protein interaction loops, i.e. triangles. As shown in Figure S3Ba, CCp gives a measure 
for the number of triangles that go through a protein p, while kp(kp–1)/2 is the total number of triangles that could 
pass through the protein. C(k) is defined as the average clustering coefficient of all proteins with k links and the 
negative gradient on a log–log plot indicates hierarchical modularity. For a mathematical model of a hierarchical 
network that has a scale-free topology with embedded modularity, C(k) approximates 1/k (Barabasi and Oltvai, 
2004; Ravasz et al., 2002). 
 
We calculated C(k) and plotted it against the number of links for the Y2H interaction and reference data sets (Figures 
S3Bb-S3Bf). The distributions follow a power-law [C(k) = k
-γ] and the degree exponent γ was determined from the 
gradient of the log-log plots (human Y2H PPIs: γ = 0.51, R-square = 0.34; Hs: γ = 0.42, R-square = 0.42; Dm: γ = 0.16, R-square = 0.11; Ce: γ = 1.15, R-square = 0.53; Sc: γ = 1.43, R-square = 0.64). Interestingly the Ce and Sc data 
(Yook et al., 2004), which are highly clustered (c.f. scale in Figure S3B), show a strong decrease of the average 
clustering coefficient for proteins with an increasing number of links. On the other hand, the plot for the Dm data 
suggests that in this data set, the neighbors of hubs are equally well connected as the neighbors of proteins with few 
links. The degree exponent of the human data set from HPRD compares best with our data set. These results suggest 
that in our network, proteins with few links are part of densely connected regions. They might represent functional 
modules or protein complexes (Barabasi and Oltvai, 2004). For example, EMD (CCp= 0.167) can be identified as 
part of a highly connected module by means of the clustering coefficient (see main text, discussion). 
 
Topological Coefficient 
This measure was adapted from Ravasz et al. (2002), who defined the “topological overlap” for pairs of proteins that 
share interaction partners in order to provide a distance value between pairs of proteins which are not necessarily 
directly connected. The topological overlap matrix can be used for average-linking clustering algorithms to identify 
distinct interaction modules (Ravasz et al., 2002). Similarly, Goldberg and Roth (2003) defined a measure, termed 
the “mutual clustering coefficient”, which is again calculated for a pair of proteins in a network, in order to quantify 
the cohesiveness in their neighborhood. The mutual clustering coefficient was used for quality assessment of 
interaction networks (Goldberg and Roth, 2003). 
 
An analogy to the clustering coefficient, the topological coefficient is a measure attributed to a protein, not to a link. 
It is defined as TCp= average(J(p,j)/kp), with J(p, j) denoting the number of nodes to which both p and j are linked, 
plus 1 if there is a direct link between p and j. J(p,j) is defined for all proteins p (with kp>1) and j in the network 
which share at least one common interaction partner. kp is the number of links of node p. The topological coefficient 
is thus calculated only for proteins with more than one link, as network proteins with one link would have a TC of 1. 
Proteins that do not have at least two common neighbors with one other protein (see Figure S3Ca) have a TCp of 
1/kp. 
 
Similar to three protein interaction loops (triangles, characterized by the clustering coefficient), functionally related 
proteins also have a tendency to form four protein interaction loops (rectangles; Goldberg and Roth, 2003; Wuchty et 
al., 2003; Yeger-Lotem et al., 2004). TCp is a relative measure for the extent to which a protein shares interaction 
partners with other proteins in the network and also reflects the number of rectangles that pass through a node 
(Figure S3Ca). 
 
The maximum topological coefficient [TCpm= max(J(p,j)/kp)] for every given protein p indicates the protein j with 
the maximum number of shared interaction partners in the network. Pairs of proteins, which share a maximum 
number of interaction partners are thus identified by means of TCpm. A high TCpm value points towards a functional 
connection between the two proteins, although they may not be directly linked. 
 
We calculated TCp (filled circles) and TCpm (open circles) for every protein in the human Y2H interaction and 
reference networks and plotted it against the number of links (Figures S3Cb-S3Cf). The distributions of TCp indicate 
that, relatively, hubs do not have more common neighbors than proteins with fewer interactions. Therefore, hubs in 
our as well as the reference networks are not artificially clustered together.  
 
The maximum topological coefficients for some proteins deviate strongly from the average (open circles in Figure 
S3C), because all datasets contain individual pairs of proteins sharing a high number of interaction partners. For 
EMD, e.g., a TCpm of 0.5 was found. J(p,j)/kp is 0.5 for the pairs EMD/DPPA4, EMD/SH3GL1 and EMD/SH3GL3, 
indicating that these proteins are part of a highly connected module (see main text for discussion). 
 
Neighborhood Connectivity 
From the analysis of yeast Y2H interaction data (Ito et al., 2001) and a yeast genetic regulatory network, Maslov and 
Sneppen (2002) made the observation that links between highly connected proteins are systematically suppressed, 
whereas those between a highly connected and low-connected pairs of proteins are favored (Maslov and Sneppen, 
2002). This can be concluded from a plot which shows that the average number of links of the nearest neighbors of 
proteins with k links is decreasing as a function of k. 
 
We calculated the average number of links of the nearest neighbors for all proteins in our network and the reference 
data sets (Figures S3Da-S3De). We also included the Sc PPI data set of Ito et al. (Ito et al., 2001) that was analyzed 
in the original work measuring “neighborhood connectivity” (Maslov and Sneppen, 2002). Interestingly for the Sc PPI data of Ito et al. (Ito et al., 2001) the curve approximates a power-law with a power coefficient of 0.59 (see 
Figure S3Df, R-square = 0.61). This is the strongest decrease of neighborhood connectivity with increasing numbers 
of links observed in all data examined. The HPRD data, for example, do not show such a dependence at all (Y2H 
PPIs: γ = 0.32, R-square = 0.51; Hs: γ = -0.05, R-square = 0.08; Dm: γ = 0.06, R-square = 0.12; Ce: γ = 0.31, R-
square = 0.48; Sc: γ = 0.45, R-square = 0.78). Our comparative analysis suggests that in interaction networks from 
multi cellular organisms, suppression of links between highly connected proteins is far less pronounced than in yeast.  
Confidence Scoring 
 
The Reporter Gene Activation Criterion 
In the Y2H interaction matrix approach, we performed two independent assays to detect protein-protein interactions. 
Yeast colonies were assayed for the activation of the HIS3 and URA3 reporter genes via growth on SD4 agar plates. 
In addition, yeast colonies were spotted on membranes placed on SD4 agar plates and subjected to a β-galactosidase 
assay after growth. With the second assay, interactions, which activate all three independent reporter genes, namely 
HIS3, URA3 and lacZ were identified. Therefore, Y2H interactions were grouped into two data sets: those that 
activated all three reporter genes, HIS3, URA3 and lacZ (LacZ4 set), and those that activated only the two growth 
reporters HIS3 and URA3 (SD4 set).  
 
In the confidence scoring procedure, the activation of all three, HIS3, URA3 and lacZ, reporter genes was used as 
criterion 1 to select higher confidence interactions. This is justified because several studies provide evidence that 
interactions which are detected with three independent reporters can be reproduced significantly more easily than 
interactions identified only with two reporters (Vidalain et al., 2004). This difference is also reflected in our own 
experiments, when the success rates of the SD4 (56%) and the LacZ4 (67%) data in the verification experiments 
were compared (chi-square P=0.11). 
 
Furthermore, we investigated whether the confidence difference in the SD4 and the LacZ4 data is confirmed by the 
confidence scores obtained when applying the Hs, Dm, Ce and Sc loop motif and GO criteria (Crit. 2-6) only. 
Omitting points collected for the lacZ4 results (Crit.1), we determined the fractions of SD4 and LacZ4 PPIs with 
zero, one, two or three and more quality points. The distribution (Figure S4A) clearly showed that the LacZ4 PPIs 
are of higher confidence. This result further supports activation of three reporters as conferring higher confidence on 
interactions than the activation of two reporters. 
 The Topological Criteria: Interaction Loop Motifs 
Human Y2H PPIs (3,186 PPIs; 1,705 proteins) were analyzed for their involvement in protein interaction loops in 
combination with four other large interaction data sets: 
Hs: human reference set from the HPRD (Peri et al., 2003; 14,384 PPIs between 4,478 proteins, status 17-09-04). 
Dm: D. melanogaster Y2H data set of Giot et. al (Giot et al., 2003; 20,439 PPIs; 6,991 proteins). 
Ce: C. elegans WI5 data set (Li et al., 2004; 5,534 PPIs; 3,227 proteins). 
Sc: S. cerevisiae PPIs from MIPS (Mewes et al., 2004; MIPS at http://mips.gsf.de/; 8,946 PPIs; 4,525 proteins). 
For the selection of interactions that occur in human loop motifs (criterion 2), the Y2H interactions were combined 
with the HPRD data set and loop motifs were computed. For the selection of interactions that occur in interaction 
loops with reference data from model organisms (criteria 3-5), proteins orthologous to the human proteins in our 
network were first identified (see Table S2 for orthologous proteins). Then, theoretical interactions between the 
orthologous proteins mimicking our Y2H network proteins were combined with the reference sets from Dm, Ce, Sc 
model organisms for motif analysis. 
 
We next defined all interaction loop motifs in which Y2H and orthologous interactions possibly participate in the 
combined Y2H and reference data sets (described on the following page). The drawings show proteins from the Y2H 
map as light blue rectangles. Dark blue rectangles are proteins from the human or model organism reference data 
sets, respectively. Half light/half dark blue rectangles indicate proteins contained in both, the Y2H and the reference 
sets. Interactions are also color coded: Blue lines indicate Y2H PPIs while gray lines indicate interactions reported in 
the reference data. 
 
In order to record every Y2H interaction found in one of the motifs and to fully document the motif analysis (Table 
S3), a code with two digits was used that specified the Y2H interaction in the different loop motifs. The first digit 
referred to the number of links from the Y2H map, while the second digit referred to the number of links from the 
reference data in the motif. The sum of the digits thus indicated the size of the interaction loop motif.  
Description of Interactions Loop Motifs 
 
  11- An interaction from the Y2H network that was recapitulated from HPRD or 
found as an interolog in the Dm, Ce or Sc data. 
__________________________________________________________ 
 
  30- Interactions from the Y2H data involved in a three protein interaction loop. This 
motif was only considered in the Hs analysis and does not involve proteins from the 
reference sets. Interactions found in this motif are indicated as Y2H:30 in Table S3. 
 
  21- Interactions from the Y2H data involved in a three protein interaction loop, with 
two interactions from the Y2H data and one interaction reported in the reference data. 
 
  12- An interaction from the Y2H data involved in a three protein interaction loop 
with two interactions (and one protein) reported in the reference data. 
__________________________________________________________ 
 
  40- Interactions from the Y2H data involved in a four protein interaction loop. This 
motif was only considered in the Hs analysis and does not involve proteins from the 
reference sets. Interactions found in this motif are indicated as Y2H:40 in Table S3. 
 
  31- Interactions from the Y2H data involved in a four protein interaction loop with 
three interactions from the Y2H data and one interaction reported in the reference 
data. 
 
  22- Interactions from the Y2H data involved in a four protein interaction loop with 
two interactions from the Y2H data and two interactions (and one protein) reported in 
the reference data. 
 
  13- An interaction from the Y2H data involved in a four protein interaction loop with 
three interactions (and two proteins) reported in the reference data. 
 
Participation of particular Y2H interactions in individual motifs was recorded in four columns of Table 
S3 for the Hs, Dm, Ce and Sc analyses, respectively. This is very useful information for the judgment 
of individual interactions.  
 
Most interactions were involved in several different loop motifs. However, it was sufficient for a Y2H 
interaction to take part in at least one of the motifs, in order to match the loop motif criteria for our 
confidence analysis. The first table (below) gives an overview of how many interactions were found in 
three and four protein interaction loops.  
 In the analyses for three and four protein motifs we identified a total of 1,809 Y2H interactions in 
human interaction loop motifs. 947, 474 and 313 interactions were found in Dm, Ce, and Sc interaction 
loops, respectively. 
 
  Number of Interactions Found 
Y2H Interactions in Three and Four Protein Loop Motifs  Hs  Dm  Ce  Sc 
Interactions found in three but not four protein loops 
12/21/30 
20 27 11  6 
Interactions found in both three and four protein loops 
12/21/30/22/13/31/40 
257 89 17 16 
Interactions found in four but not three protein loops 
22/13/31/40 
1532 831 446 291 
Total number of interactions found in three and four loop motifs 1809 947  474  313 
 
We have separately looked at the interactions that directly recapitulated data from the HPRD set or that 
recapitulated orthologous interactions of model organisms (i.e. interologs; Matthews et al., 2001; Yu et 
al., 2004a). Out of 608 PPIs in HPRD, formed by 712 proteins that were also present in the Y2H 
network, 16 interactions could be recapitulated (3%). In addition, our search for evolutionarily 
conserved interactions using the PPI data from D. melanogaster (Dm), C. elegans (Ce) and S. 
cerevisiae (Sc) revealed 12, 12 and 11 interolog pairs, respectively (Table below). 
 
  Number of Interactions Found
Y2H Interactions in Motifs  Hs  Dm  Ce  Sc 
Recapitulated/interolog interactions not found in three and 
four loop motifs 
4 10 5  3
Recapitulated/interolog interactions found in three or four protein loops 12 2  7  8
Total number of recapitulated/interolog Y2H interactions  16 12  12  11
 
As documented in the table, 4, 10, 5 and 3 interactions have not been found the three and four protein 
interaction motif analyses. These interactions, however, were added to the number of interactions 
selected via the loop motif criteria. We identified a total of 1,813 Y2H interactions in human 
interaction loop motifs. In addition, 957, 479 and 316 interactions were detected in loop motifs of 
model organisms (Table below). 
 
 Number  of  Interactions 
Found 
Y2H Interactions in Motifs  Hs  Dm  Ce  Sc 
Recapitulated/interolog interactions not found in three or four loop 
motifs  
4 10 5 3
Interactions found in three and four protein loops  1809 947  474  313
Total number of interactions found loop motifs  1813 957  479  316
 
Statistical Significance of the Motif Analyses 
To determine the statistical significance of the appearance of Y2H interactions in loop motifs, we 
analyzed comparable random model networks. Starting from the same number of nodes and links as in 
the Y2H network, we computer generated scale-free random networks with randomized links that 
exactly maintain the degree distribution, i.e. the number of links per protein, of the Y2H network. 
These random networks show the smallest topological variation possible to the Y2H map. They 
represent the most stringent control for statistical examination, as topologically distinct randomized 
networks (e.g. regular, geometric, or ideal scale free networks Przulj et al., 2004) yielded significantly 
higher Z-scores than the random networks with scale-free properties. 
 
In analogy to the analyses of the Y2H interactions, we investigated the appearance of computer-
generated interactions from the random networks in protein loop motifs. The number of interactions 
found in loop motifs of the Y2H (NY2H) and the random networks (Nrand) were then compared. To 
arrive at a measure for the statistical significance, Z-score value calculations were employed [(NY2H – 
Nrand)/SDrand]. Average (Nrand) and standard deviation (SDrand) values were calculated for nine networks 
using different randomized sets of proteins originating from our Y2H matrix. 
 Statistical Significance of the Scoring System 
We have also examined whether the results of our scoring system are statistically significant by 
comparing the numbers of Y2H interactions in the confidence sets with the numbers obtained for 
interactions from randomized networks. Y2H interactions were found with higher frequency in the HC 
set (three or more quality points) than interactions from random networks (see Figure 4D, main text). 
These results support the quality scoring system as a valid indicator of biological relevance. 
 
We next asked whether particular combinations of criteria (resulting in quality points) were of special 
significance in our quality scoring system. Z-score values for all combinations of loop motif analysis 
and GO annotation (bioinformatic) criteria (Crit. 2-6) were calculated (Figure S4B). For example, Z-
score values were calculated for interactions that received one quality point for fulfilling only criterion 
2 (Hs), or only criterion 3 (Dm), etc. Next, Z-score values were calculated for all combinations of 
criteria that resulted in two quality points, e.g. interactions that fulfilled criteria 2 and 3 (Hs_Dm), but 
no others. Figure S4B summarizes the statistical significance for all combinations of the bioinformatic 
criteria. 
 
With the exception of combinations rarely found in the human Y2H data (less than three times, Figure 
S4B: asterisk), Z-score values increased with the number of criteria combined. A particular high Z-
score value was reached when combining the Hs loop motif analysis criterion with the loop motif 
criteria of all three model organisms (Hs_Dm_Ce_Sc). This corroborates several previous analyses of 
interaction networks which revealed that interactions found in multiple species are of much higher 
confidence than interactions found in one species only (Lehner and Fraser, 2004; Ramani et al., 2005; 
Stuart et al., 2003; Yu et al., 2004a). These results support the use of orthologous interaction loop 
motifs from Dm, Ce and Sc as separate confidence criteria in our scoring system. Features of the High-Confidence (HC) Interaction Subset 
The confidence scoring system resulted in the identification of 911 high confidence interactions that 
collected three or more quality points and involved 401 different human proteins (HC set). We 
analyzed the properties of the proteins contained in this subset and describe the topological properties 
of the HC set in comparison to the complete dataset. 
 
We first asked whether the proteins in the HC network show a preference for a particular molecular 
function or for a particular cellular component. Therefore, we annotated the proteins of the HC set 
according to GO categories and compared the annotation to the proteins contained in the full PPI set. 
Analysis of the latter showed that the proteins in our network were a representative fraction of the 
human proteome (cf. Figure 1D main text). The distribution of the GO categories cellular component 
and molecular function for the proteins in the complete Y2H map and in the HC data is presented in 
Figure S5A: Each section represents the number of proteins (percentage indicated) assigned to a given 
GO category. Outer rings: PPI network proteins (1,064 with GO component and 1,208 with GO 
function identifiers). Inner rings: proteins from the HC PPI set (280 with GO component and 321 with 
GO function identifiers). The distribution between GO categories did not change for network proteins 
in the high confidence set. 
 
Next we analyzed the topological properties (see above and Barabasi and Oltvai, 2004; Xia et al., 2004) 
of the HC interaction network and compared them with the complete Y2H map. We determined the 
distribution of the shortest path between pairs of network proteins, the degree distribution of the 
proteins, of the average clustering and topological coefficients. 
 
Figure S5B shows that the average shortest path between any two proteins in the HC map is shorter 
than in the full map (HC: 3.7; all PPIs: 4.9), demonstrating that the HC map has also small world 
properties (Strogatz, 2001). Proteins in the HC map are highly connected (an average of 2.3 
interactions per protein as compared to 1.9 in the complete map). 
 
Subsequently, we compared the degree distribution of the HC set with the degree distribution of the 
complete set. The distributions for both maps were very similar (Figure S5C, HC: γ= 1.62, R-square = 
0.86; all PPIs: γ= 1.78, R-square = 0.90), indicating that the fraction of hubs and proteins with few 
links is approximately the same in both sets. The confidence scoring system is not biased with respect 
to the number of interactions of a protein. 
 
The degree distribution of the average clustering coefficient of the HC and the complete set is shown in 
Figure S5D. The HC map is characterized by overall higher clustering of proteins (Figure S5D see 
scale of C(k)) and a more pronounced dependence of C(k) on the number of links when compared to 
the complete data set (HC: γ= 0.95, R-square = 0.41; all PPIs: γ= 0.51, R-square = 0.34). In agreement, 
the degree distribution of the topological coefficient shows a larger number of highly clustered proteins 
in the HC set (Figure S5E, points with values >1/k). 
 
Together, these results suggest that our confidence scoring system does not affect the overall 
organization of the network. The topological analyses also indicate that the HC set contains a higher 
fraction of proteins in densely connected regions than the complete Y2H map. Furthermore, potential 
functional modules and protein complexes can be recognized more easily in the high confidence set. Database Documentation 
 
To display and analyze the interaction data, we developed a software platform composed of a database, 
a web-based graphical interface layer (PHP) and a Java applet for visualizing protein-protein 
interactions. The following screenshots show the organization of the web-interface. 
 
This database can be specifically interrogated for every protein in a confidence related manner. 
Annotations are provided for every protein and every interaction it is involved in. The database enables 
a graphical representation of the interaction partners connected with an interrogated protein. Links to 
bibliographic references and to relevant external databases are also integrated. 
 
To query a protein contained in our interaction network, different identifiers like Official Gene symbol, 
Official GeneID (identical to LocuslinkID), Accession numbers or Synonyms can be entered after 
selection in a pull down menu. Records for the complete, the HC, MC, And LC data can be retrieved 
separately (pull down menu). 
 
Start Page 
 
 
 
The results of the query will be displayed after clicking on the submit button. A page with four flags 
will be displayed under a title showing the name of the protein. The page with the “Protein” flag shows 
up as standard query result. It contains all records of the protein including protein sequences, functional 
annotations and properties derived from the network analysis. Protein Page 
 
Interaction records are retrieved by clicking the flag “Interaction(s)”. The interaction page displays all 
direct interaction partners, alphabetically ordered after the partner’s official Gene Symbol. Every 
interaction is documented including Y2H results, GO co-annotation, loop motif analyses results and the 
2
nd (indirect) interaction partners. Interaction(s) Page 
 
 
 
A graphical representation of the 1
st and 2
nd interaction partners of the query protein is retrieved by 
clicking the flag “Network graphic”. The java applet automatically draws a network of the 
neighborhood of a given protein. Proteins can then be moved with the help of the mouse to arrange the 
local interaction network the best way. Network Graphic Page 
 
 
 
Clicking on the flag “Back to new search” allows the user to make a new query on the start page. 
All records are documented in a help file. Specific information, together with references are displayed 
in a popup window for every topic can be retrieved over the question mark - “?”. Help Page (Example) 
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 Figure S1. Verification of Y2H Interactions by Membrane Coimmunoprecipitation Experiments 
 
Same data as in Figure 2A including negative control experiments and protein expression levels. 
 
 
 Figure S2. Global View of the Y2H Interaction Map 
 
Colored circles represent proteins (nodes): Light blue, known proteins; Orange, disease proteins; 
Yellow, uncharacterized proteins. Interactions (links) are represented by color-coded lines: red, HC 
interactions; blue, MC interactions; green, LC interactions. Figure S3A. Degree Distribution of Proteins in the Y2H and Reference Interaction Networks 
 
 Figure S3B. Degree Distribution of the Average Clustering Coefficient of Proteins in the Y2H and 
Reference Interaction Networks 
  
 Figure S3C. Degree Distribution of the Topological Coefficient of Proteins in the Y2H and Reference 
Interaction Networks 
 
 
  
 Figure S3D. Neighborhood Connectivity of the Y2H and Reference Interaction Networks 
 
 Figure S4. Confidence Scoring 
 
(A) Distribution of the Y2H SD4 and LacZ4 interactions according to quality scores. 
(B) Statistical significance for all combinations of bioinformatic criteria. 
 
 
 
 
 
 
 
 
 
 Figure S5. Analysis of the High-Confidence Interaction Subset (HC) 
 
(A) The distribution between GO categories did not change for network proteins being part of high 
confidence interactions. 
(B) Distribution of the shortest path between proteins in the HC map. 
(C) Degree distribution of the proteins in the HC map. 
(D) Degree distribution of the average clustering coefficient of the proteins in the HC map. 
(E) Degree distribution of the topological coefficient of the proteins in the HC map. 
Insets show corresponding distributions of the complete Y2H map (B-E). 
 
 